Background/Aims: Studies on the long-term clinical benefits of hemodiafiltration (HDF) and high-flux hemodialysis (HFHD) are very limited. This study aimed to investigate the hospitalization rate and aortic arch calcification (AAC) of these two dialysis modalities over 6 years. Methods: Participants who received regular HDF and HFHD in one hospital-facilitated hemodialysis center were prospectively enrolled after matching for age, sex, and diabetes between January 2009 and December 2014. Medical records were reviewed retrospectively on demographics, laboratory variables, calcified scores in aortic arch measured by chest radiography, and rates of hospital admission. Cox proportional hazard regression and linear regression were used to obtain the outcome results. Results: The HDF and HFHD groups consisted of 108 and 102 participants, respectively. Levels of laboratory variables including small soluble solutes and Kt/V were not statistically different over the 6-year period between the HDF and HFHD groups. Calcified scores of the aortic arch increased over 6 years in both groups. The changes in the mean calcified scores were significant when compared between the two groups (0.44-1.82 in HFHD, 0.79-1.8 in HDF, respectively, p = 0.008). Hospitalization rates were 735 per 1,000 patients in the HDF group and 852 per 1,000 patients in the HFHD group, respectively. No significant difference was observed in frequency and days of hospitalization between HDF and HFHD. Conclusion: Hospitalization rates and AAC were observed to be equal for HDF and HFHD.
Introduction
In the past few decades, hemodialysis (HD) was the main renal replacement therapy in patients with end-stage renal disease (ESRD). Although HD treatment made major scientific and technological progress, the morbidity and mortality of patients with ESRD are higher than those in the general population [1, 2] . Among the etiologies of death, cardiovascular events remain the leading cause of mortality in ESRD [3, 4] . Although the causes of high cardiovascular mortality are still uncertain, one of the causes is possibly related to uremic toxicity. Therefore, a dialysis modality can achieve higher elimination in uremic toxins applied in the clinical practice.
Hemodiafiltration (HDF) is a dialysis modality using a kind of high-flux hemodialysis (HFHD) water filter combined with a large number of plasma technology to increase convective transport to remove uremic toxins [5] . Several studies have addressed the advantage of HDF compared with standard HD. The CONvective TRAnsport STudy (CONTRAST) and French Convective versus Hemodialysis in Elderly (FRENCHIE) studies showed the effect of predialysis serum phosphate reduction by HDF therapy [6, 7] . Other studies also demonstrated that HDF therapy is superior compared to standard HD in reducing inflammation [8, 9] , preventing protein-energy wasting [10] , and reducing episodes of intradialytic hypotension [11] . In addition, several studies showed beneficial effects on patient survival. The Dialysis Outcomes and Practice Patterns Study first reported a 35% lower mortality rate by highervolume HDF compared to low-flux HD [12] . Two European randomized control trials, CONTRAST and Turkish, demonstrated reduced mortality by high convection volumes (> 22 L/session) in their post hoc analyses [13, 14] . In the Estudio de Supervivencia de Hemodiafiltración Online study, the primary analysis also demonstrated a 30% lower risk of both allcause mortality and cardiovascular mortality in patients with HDF than in those with HFHD [15] . However, solid evidence is still lacking to convince all nephrologists believing the widespectrum benefits of HDF therapy when compared to standard HD by head-to-head comparison.
Patients with ESRD are well recognized to have higher risk for cardiovascular mortality [16] [17] [18] . Vascular calcification (VC) of the aorta and coronary arteries is considered an important risk factor for cardiovascular disease in patients on dialysis, especially in young adults [19, 20] . Conventional radiography is a convenient and inexpensive tool for identifying calcium ions in blood vessels [21] [22] [23] . In the general population, aortic arch calcification (AAC) found in chest radiotherapy has been shown to be associated with cardiovascular mortality during long-term follow-up [24] . Recent studies have shown that high-grade calcification was associated with cardiovascular and all-cause mortality in patients with HD using plain chest radiography [25] .
Owing to a few studies reporting the long-term effect of online HDF, this study aimed to examine the long-term laboratory profile in one cohort of patients with ESRD receiving online HDF therapy over 6 years and compared with those who received HFHD. Moreover, AAC progression on plain chest radiography and rates of hospital admission between HDF and HFHD were examined in this study. 
Data Collection
Demographic data were collected including age, sex, dialysis vintage, and comorbidity. Data of outcome measures were also collected including rate of hospitalization, frequency and days of hospitalization, and calcification scores of the aortic arch by plain chest radiography between 2009 and 2014. Calcified scores of the aortic arch were measured in 2009 and 2014, respectively.
Laboratory Measurements
Participants in the study underwent annual hematological and biochemical examinations at the clinic. Baseline values that were collected and measured in December 2009 included hemoglobin (Hb), albumin, blood urea nitrogen (BUN), creatinine (Cr), uric acid, Na, potassium (K), Ca, phosphorus (P), intact parathyroid hormone (iPTH), and Kt/V (Daugirdas method) [26] . All blood samples were analyzed using commercial tools and automated analyzers (Hitachi 7600-210, Hitachi, Tokyo, Japan). Albumin was measured using the bromocresol green method. iPTH level was measured using a chemiluminescence immunoassay (Siemens Healthcare Diagnostics Inc., USA). To measure calcified scores of aortic arch, two independent nephrologists interpreted the X-ray films, Intra-and inter-rater agreement (intraclass correlation coefficient) for AAC score (continuous scale) was 0.93 (95% confidence interval [CI] 0.91, 0.98) and 0.90 (95% CI 0.87, 0.94), respectively. The severity of calcification was classified as grade (Gr.) 0 (no calcification visible), Gr. 1 (single thin or small spots of calcification), Gr. 2 (one or more areas of thick calcification, but ≤50% of the circular area of the aortic knob) and Gr. 3 (circular calcification with > 50% of circular area of the aortic knob) [27] .
Outcome Measures
The outcome measures included the dynamic changes of serum small soluble solute concentrations and dialysis adequacy index (Kt/V), calcified scores of the aortic arch, rates of hospital admission, and frequency and days of hospitalization in HDF and HFHD between 2009 and 2014. 
Statistical Analysis
Baseline characteristics and clinical variables of the study population with HDF and HFHD were summarized by frequency (percentage), mean (standard deviation), and median (interquartile range). The difference between the characteristics was estimated using independent two-sample t test, chi-squared test, or Fisher's exact test.
The longitudinal measurements of laboratory data tracked between 2009 and 2014 in HFHD and HDF patients were summarized by mean (standard deviation) or median (interquartile range) and visualized using trend plot by calendar years. The longitudinal changes within and between the HFHD and HDF group is estimated by repeated measures analysis of variance (ANOVA). The associations of longitudinal measurement changes in the HFHD and HDF group were estimated by residual maximum likelihood (REML) linear mixed effects model. We proposed two models in the REML linear mixed effects analysis. The adjusted fixed factors for REML mixed model included age (at baseline), sex, HFHD dialysis vintage, baseline diabetic mellitus status, and comorbidities. Model 1 includes fixed factors only, and Model 2 includes fixed factors and added terms for each measurement and its interaction with time. REML mixed model coefficients and the corresponding 95% confidence intervals (CI) were reported.
In addition, the different VC status between the HDF and HFHD group in two time-points was estimated using independent two-sample t-test for mean ± SD and using Fisher's exact or chi-squared test for distribution in categories 0-3. Paired t test was used to determine the change of VC measured in two time-points for each group, and the repeated measures ANOVA was used to determine the changes of VC in two time-points between the HFHD and HDF group. VC with a score of 3 is considered VC progression.
The hospitalization frequency and total length of stay in the HFHD and HDF groups were summarized using median and range and visualized using a box plot. The association of hospitalization frequency and total length of stay in both groups is estimated using univariate and full-adjusted multivariate linear regression analysis.
A p value of < 0.05 was considered statistically significant. Stata version 11.0 (StataCorp. 2009. Stata 11 Base Reference Manual. College Station, TX, USA: Stata Press) was used for all statistical analyses.
Results
A total of 210 participants were analyzed between 2009 and 2014. By age, sex, and diabetes matching, 108 and 102 participants who underwent HFHD and HDF treatment, respectively, were enrolled for comparison. The vintage of HDF treatment was 3.9 years, and there were 7.68 years of HD treatment before HDF in the HDF group. The average length of treatment in the HFHD group was 9.78 years (p = 0.018). At baseline, similar serum concentrations of Hb, albumin, and small soluble solutes (BUN, uric acid, Na, K, Ca, P) were observed in the HFHD and HDF groups except higher Kt/V levels (1.84 vs. 1.71, p = 0.042) and lower serum Cr concentrations (10.98 mg/dL vs. 11.69 mg/dL, p = 0.049), lower corrected Ca (9.14 mg/dL vs. 9.40 mg/dL, p = 0.036) in the HDF group than in the HFHD group. Hospitalization cases differ significantly between the HDF and HFHD groups (75 vs. 92, p = 0.036).
Hospitalization rates were 735 per 1,000 and 852 per 1,000 patients in the HDF and HFHD groups, respectively. No significant difference was observed in frequency and days of hospitalization between HDF and HFHD (Table 1) . Table 2 shows the longitudinal data measured annually over the 6-year follow-up in the HFHD and HDF groups. Grossly, the dynamic changes of blood parameters in the individual group were significant in the observational period, except P, iPTH, and Kt/V levels in the HFHD group and BUN, P, iPTH, and Kt/V levels in the HDF group not demonstrating significant dynamic changes. Comparing blood parameters in the study period, significantly higher serum Cr concentrations were observed in the HFHD group than in the HDF group (p = 0.012). Grossly, patients in both groups remained having relative constant serum concentrations of small soluble solutes.
By fixed factors adjustment including age, sex, HD dialysis vintage, and comorbidities, the HDF group demonstrated significantly higher Hb (beta 0.41, 95% CI 0.12-0.69, p = 0.005) and Cr (beta 40.31, 95% CI 5.89-74.72, p = 0.022) concentrations and lower Ca (beta -0.92, 95% CI -1.54 to -0.29, p = 0.004), and iPTH (beta -126.32, 95% CI -230.38 to -22.26, p = 0.017) concentrations compared with the HFHD group. The HDF group showed statistically significant better Kt/V levels in time-varying adjustments compared with the HFHD group after adjusted fixed factors (beta 0.05, 95% CI 0.01-0.1, p = 0.025) ( Table 3) . Table 4 shows the longitudinal changes of AAC in the participants on HFHD and HDF. The comparison of mean values of calcified scores of the aortic arch between the two groups revealed these values to be significant in the initial phase (2009) (0.44 in HFHD group vs. 0.79 Repeated ANOVA p 0.008 p is estimated using independent two-sample t test to determine the difference between the HFHD and HDF groups for mean ± SD. * p is estimated using Fisher's exact or chi-squared test for category 0-3. Paired p is estimated using paired t test to determine the difference in two time point measurements for each group. Repeated ANOVA p is estimated by repeated measures ANOVA to determine the difference of longitudinal changes between the HFHD and HDF groups. in HDF group, p = 0.004, respectively) and became non-significant in the secondary phase (2014). Statistical methods were also used to compare the numbers of AAC grading in each category between the two groups. A high number of participants in the grade 0 AAC at the initial phase (p = 0.030) progressed to the severe form of calcified grading in the secondary phase (p = 0.854). This indicated that the progression of AAC was parallel in both groups over the 6-year follow-up. The two-time points in each group showed significant changes (p < 0.001 in HFHD group, p < 0.001 in HDF group, respectively). The comparison of longitudinal changes between the HFHD and HDF groups also exhibited statistical significance (p = 0.008).
By linear regression analysis with full adjustment, no significant difference was observed in hospitalization frequency (beta -0.04, 95% CI -0.84 to 0.76, p = 0.926) and days of hospitalization (beta 0.55, 95% CI -16.26 to 17.36, p = 0.948) between the HDF and HFHD groups (Tables 5, 6 ).
There were not significantly different in hospitalization frequency and length between AAC progressors and non-progressors (see online supplementary Table S1 , available at www. karger.com/doi/10.1159/000499645).
Discussion
One of objectives in the present study was to examine the trends of longitudinal changes in the serum small soluble solute concentrations among patients receiving HFHD and online HDF. We followed up these participants over 6 years. In short, majority of blood concentrations of selected variables in both groups demonstrated significant changes over follow-up years compared with the baseline concentrations. ANOVA analysis revealed significant changes in serum Cr concentrations between the two groups, higher values at the baseline and follow-up years in participants receiving HFHD than HDF. When full adjustment was further applied and the time effect was considered, there was not significantly different in serum concentration of soluble small solutes between HDF group and HFHD group. Thus, our results demonstrated that both HFHD and online HDF renal replacement therapy contributed equally to the clearance of small soluble solutes in patients with ESRD. Based on this observation, online HDF therapy has no superior benefit for small solute clearance comparing with HFHD. A review of the literature revealed that only few long-term follow-up observational studies comparing online HDF with HFHD at a wide-range of molecular weight solutes' removal have been conducted. One small study observed 31 patients receiving online HDF therapy for a 4-year follow-up period. Results showed that the participants had more beta-2-microglobulin removal and increased Kt/V values after HDF therapy. The blood concentrations in small solutes and Hb did not demonstrate significant changes [28] . Another randomized study with a 12-month follow-up showed that online HDF had superior removal of small (BUN, Cr) and large (beta-2-microglobulin, complement factor D) solutes than HFHD [29] . However, the improved removal in these solutes did not result in lower pre-dialysis blood concentrations. The possible mechanisms were mass transfer rates of solutes in the body and rebound phenomenon after dialysis. Results in the present study revealed constant blood concentrations in small soluble solutes over the 6-year period in online HDF and HFHD, that is compatible with previous studies [28, 29] .
AAC is very common in ESRD [10] , especially in patients on HD [30] . This circumstance is consequent to stiffness in vascular wall and reduce vascular compliance, which have been found to be predictive of cardiovascular mortality [27] . The pathogenesis of AAC in patients on dialysis is multiple and complex. The relevant factors include dysregulation of Ca and phosphate, hyperparathyroidism, underlying comorbid diseases, dialysis vintage, and age [31] . HDF has been reported in one cross-sectional study exhibiting no given benefits in terms of vascular stiffness compared to HD [32] . Moreover, HDF has also been demonstrated to have no benefits compared to HFHD with respect to mineral metabolism and blood pressure control in one retrospective study with a large sample size [33] . In the present study, we tried to examine the benefit of HDF on vascular complication through indirect evidence by plain chest radiography. We found that patients on HDF and HFHD all forward to higher levels of AAC over the 6-year period. Nevertheless, we advise caution in interpreting this result. We did not measure all potential indicators for mineral metabolism in our study. Although routine indicators such as Ca, P, and iPTH were not significantly different between the two groups over the 6-year period by time-varying adjustment, other potential uremic toxins for VC, such as, indoxyl sulfate and p-cresol, were not examined in our study. Furthermore, our study is limited by its retrospective review design and the potential selection bias in choice for dialysis modality. To resolve the possibility of HDF benefit on vascular complication, we expect more clinical studies involving a large sample size and more information concerning uremic toxins removal by HDF in the future.
In comparison with the general population, various symptoms and complications led to high hospitalization rates in patients with kidney disease [34] . In the early National Cooperative Dialysis Study, hospitalization was greater in the high-BUN group [35] . Owing to this observation, clinical studies were conducted to prove the reduced rates of hospitalization by higher permeability membrane for dialysis therapy. The rate of hospital admission was not significantly different between HFHD and conventional HD in one early study [36] . This early observation was also documented later in the Hemodialysis (HEMO) study [37] . HDF combines convective and diffusive solute removal in one dialysis therapy. It is well known that HDF provides better removal of both small and large solutes than HFHD [29] . Accordingly, we hypothesized that HDF conferred to reduce rate of hospital admission than HFHD. Our study showed rates of hospitalization were 735 per 1,000 patients in HDF versus 852 per 1,000 patients in HFHD. These rates are lower than the nationwide report from the Taiwan Society of Nephrology, 968 per 1,000 patients [38] . We also found that hospitalization frequency and days of hospitalizations were not significantly different between HDF and HFHD over the 6-year period. The main cause of hospital admission was cardiovascular diseases in both groups. Although the rate of hospitalization was lower in HDF than in HFHD, we interpreted this result with caution because potential selection bias may exist owing to the retrospective design. Furthermore, various confounding factors were unidentified in the medical record review. The cause-effect relationship cannot be concluded in our study. As per our knowledge, clinical studies investigating hospitalization rate between HDF and HFHD are lacking. Our study is unique as it involves a 6-year follow-up period. The results indicate that compared with HFHD, HDF has potential benefits in reducing hospitalization rate. Therefore, further studies are warranted to validate our results.
The present study has several limitations. First, the present study was a retrospective medical record review, the observational period lasted for 6 years and various confounding factors were not identified completely. This bias may affect our results. Second, patients in the HDF group already received regular HD prior to this cross-sectional study. Therefore, the effect of previous HD on clinical outcomes in our study could not have been considered in the final analysis. Third, convective volume used in post-dilution HDF patients was diverse. This may result in bias against the substantial contribution of high convective volume used in HDF. Finally, the sample size was relatively small in our study. The strengths of the present study are the availability of data on several patient characteristics, which were collected using a standardized method over a long-term period, and the clinical practice of dialysis therapy in one HD unit was more generalized. Furthermore, the malpractice associated with each
